Background and Aims: l-carnitine as an endogenous cofactor has a role in the regulation of energy flow between different oxidative sources. the purpose of this study is to investigate that the clinical and histopathologic effects of l-carnitine locally and systemically on secondary healing in wounds of full thickness defects. We also measured the effects of l-carnitine on wound tensile strength as mechanical.
group. re-epithelization thickness in the systemic carnitine group was more than the other groups.
Conclusions: l-carnitine administered locally or systemically has positive effects on wound healing rate and tensile strength in rats.
Key words: L-carnitine; wound healing; local; systemic; full thickness defect; secondary healing Group 1 (control group, n = 20) did not receive any pharmacologic agent, and was simply followed-up. Group 2 (local experimental group, n = 20) was given L-carnitine as a dose of 100 mg/kg per day for 14 day, to wound area, intralesionally. Group 3 (systemic experimental group, n = 20) was given L-carnitine with a dose of 100 mg/kg per day for 14 days, intraperitoneally. The dose of L-carnitine was determined in accordance with the daily dose in humans (4). The intraperitoneal route was preferred because of ease, and accuracy of dosing.
Wound edges were evaluated by visual inspection. Wound closure time was recorded for complete epithelization.
On the 7 th , 10 th , 14th and 21 st postoperative days, biopsy specimens were taken from the healing wound sites and the surrounding healthy skin for microscopic evaluation. For each postoperative day, specimens' numbers were eight in all groups. All the specimens were stained with hematoxylin and eosin (H&E), and inspected under light microscopy by same blinded pathologist. Neovascularization, inflammation, re-epithelization, fibroblast migration and collagen deposit were evaluated as parameters.
On the 30 th postoperative day, 0.5 × 3 centimeter strips of healed wounds oriented perpendicular to the long axis of the body were uniformly excised, including the scar tissue. All main group strips' numbers were eight. These strips were placed on a tensiometer (Instron Corporation Series, IX Automated Materials Testing System) for mechanical strain test. Values are recorded in centinewton (cN). Specimens were held in non-slip jaws and stretched apart at a constant speed of 6 cm/min until they ruptured. They tensile strength of the strips was recorded in grams.
Statistical data analysis: Data were assessed by Kruskal Wallis and Mann Whitney U tests, significance assigned as p < 0.05. Statistical analysis was performed with SPSS 11.0 software (Chicago, IL).
RESULTS
The wound healing days were recorded in each group macroscopically. First wound closure was seen in systemic group on 14 th day (picture 1a, b, c). The mean wounds healing times were 18.25 ± 1.04 days, 16.5 ± 1.20 days, and 15 ± 0.76 days in the control group, local experimental and systemic experimental group, respectively. Statistical result of healing days in each group has been showed in Table 1 . The rate of healing time in each group was compared by the Kruskal Wallis test. The differences between groups were statistically significant (p < 0.005). When all groups were compared with each other by Mann Whitney U test, the difference between the systemic group and the control group was highly statistically significant (p < 0.001), and the difference between the local group and the control group was statistically significant INTRODUCTION Loss of epidermis and underlying dermis creates full thickness skin defects. These kinds of wounds heal by angiogenesis and contraction. During secondary healing, the inflammatory reaction is more intense. The contraction is supported by the increased contribution of myofibroblasts. In addition, circulatory and metabolic status affects wound closure (1).
L-carnitine is an amino acid derivative. Its major role is in the transport of long chain fatty acids into mitochondria for β-oxidation (2, 3). In addition Lcarnitine neutralizes toxic acyl-CoA production in mitochondria (4). This process stimulates pyruvate dehydrogenase to enhance the oxidative use of glucose, and reduces production of lactate and acidosis (1). L-carnitine provides an efficient regulation of energy flow between different oxidative sources. During ischemia this regulatory mechanism does not work (1, 3).
In our study, we compared the results of the effects of L-carnitine when applied locally and systemically on the healing of full-thickness skin defects.
MATERIAL AND METHODS
Sixty adult male Sprague-Dawley rats weighing between 250 and 350 g were used. The rats were housed in separate cages under standard laboratory conditions (12 hours of light/ 12 hours of darkness, 17-25 °C, 30% humidity, ad libitum access to chlorinated tap water and rat chow) was provided throughout the experiment.
The animals were divided into three groups randomly; group 1 (control group, n = 20), group 2 (local experimental group, n = 20), group 3 (systemic experimental group, n = 20).
On the day of surgery, animals were anesthetized with an intramuscular injection of ketamine hydrochloride (50 mg/kg). The backs of the rats were shaved with electric clippers. All surgical interventions were performed under sterile conditions. Povidone iodine was used as an antiseptic. Two full thickness defects were made on two sides of the midline one centimeter away from midline. Skin wounds were prepared by 1.5 × 1.5 centimeter areas. The excised tissues included the epidermis, dermis, and panniculus carnosus. All wounds were immediately dressed with sterile sponges to induce haemostasis postoperatively and sterile Tegaderm transparent dressing (3M Health Care, St Paul, MN). After removing the dressing on the first day, topically rifamycine solution (125 mg / 1.5 ml) were applied topically to wounds and they were covered with Tegaderm transparent dressing again. Wounds were left undisturbed to heal by secondary intention until the 30 th postoperative day.
(p < 0.05). The difference between the local group and the systemic group was also statistically significant (p < 0.05) (see Graph 1).
Mechanical analyses of tensile strength of the wound were evaluated in all groups. Mean tensile strength values were 762.10 cN, 801.69 cN and 786.13 cN in the control, local and systemic groups, respectively. Tensile strength in all groups was showed in Table 2 . There were no statistically significant differences between groups by Kruskal-Wallis test and also no statistically difference between subgroups by Mann Whitney U test (p > 0.05) (see Graph 2).
Histopathological examination revealed that there were no significant differences in neovascularization, inflammation and fibroblast migration between groups at 7, 10, 14, and 21 days after surgery. On seventh day after wound creation there was more collagen deposit in the systemic experimental group.
There was re-epithelization on the wound edges in the systemically administered group, but only in two samples of the locally administered group. Also there was no re-epithelization on the wound edges in control group.
On 10 th day after wound creation, collagen accumulation in the experimental group was more than in the control group. When the local and systemic administration groups were compared, collagen accumulation in the systemic group was better than in local group. In five samples in the local experimental group re-epithelization were seen while there were no re-epithelization in control group. On 14 th day after wound creation, re-epithelization was not seen in the control group, but was observed in local group at the 14 th day. In the systemic experimental group, epithelization was completed in half of the samples, and mild collagenization was observed ( Fig. 2a, b, c) .
Epithelization was completed in all groups on 21 st day after wound creation. In the systemic experimental group, re-epithelization thickness was more than the local experimental group and control group.
DISCUSSION
Wound healing is a complex sequence of cellular and molecular processes; including inflammation, cell migration, angiogenesis, matrix synthesis, collagen deposit, and re-epithelialization (5). This process requires a close and coordinated interaction among inflammatory cells, biochemical mediators, extracellular matrix molecules, and micro environmental cell population.
Within first hour of wounding, neutrophils arrive at the injury site and become the predominant cells in the wound for the first three days (6). Neutrophils phagocytize bacteria and debris, kill bacteria by releasing free radicals (7) and undergo apoptosis (8).
Free radical molecules are very small molecules which are fairly reactive because of the presence of unpaired valence shell electrons. Free radical forms constitute the natural by-product of the normal metabolism of oxygen and have important roles in cell signaling. Free radicals are produced inside organelles such as the mitochondria and released towards the cytosol. Oxidative phosphorylation involves the transport of protons across the inner mitochondrial membrane. Nevertheless, during times of environmental stress, reactive oxygen species levels can increase dramatically, which can result in damage to cell structures. This situation is known as oxidative stress (8, 9) . L-carnitine is an essential factor for several enzymes in the transportation of free fatty acids from the cytosol to mitochondria, where they can undergo β-oxidation (10). L-carnitine is an antioxidant. Its effects prevent the accumulation of end products of lipid peroxidation (11) . The most damaging effect of free radicals is lipid peroxidation.
L-carnitine has been determined to have protective effects on oxidative injury caused by chronic renal insufficiency and renal ischemia-reperfusion (12, 13) . The protective effects of L-carnitine against free radicals in aging have also been described (14) . Protective effects of L-carnitine against inflammation and lipid peroxidation caused by experimental acute liver damage (15) and colitis (11) have been demonstrated. In rodents, L-carnitine has also shown anti-inflammatory effects in some models of vascular inflammation. In older rats, L-carnitine was shown to lead to an increase in the activity of mitochondrial antioxidants and a decrease in the incidence of lipid peroxidation (16, 17) . Carnitine is a novel pharmacological agent known for enhancing flap survival (3, 21, 18) .
L-carnitine has been shown to improve the healing process in peripheral arterial diseases (19) . On the other hand; L-carnitine is also known to have a specific trophic effect on type-1 human skeletal muscle fibers, which are characterized by metabolism of oxidation. This could be important, as contraction is the main mechanism prevailing in wound healing by secondary healing (20) . To the best of our knowledge there has only been one publication that evaluates and reports the effects of L-carnitine by administration for only one day in a circular defect of 4 cm radius in diameter left to secondary healing. After ten days, the non-healing square of the defects were measured and compared with the control group. They concluded that wound healing was better than the control group however there was no statistically differences between groups (1). The study was not continued until complete healing; and tensile strength was not measured by a mechanical strain test. Similarly, no histopathological investigation of the wound was performed in this study.
The positive effects of L-carnitine on skin flaps and burned and ischemic skin flap surgery have been reported (3, 21). Koybasi et al. reported the effect of L-carnitine on secondary wound healing. These authors pointed out that L-carnitine was shown not to significantly promote secondary wound healing in a rat model, although there was a tendency toward faster healing in the group receiving the drug (1). In this study, we noticed that they merely measured the size of healed wound and completed this study prematurely (on day 11 th ). They did not perform pathological examinations or measured tensile strength of the healed wound. On the other hand, we have not found any study utilizing local L-carnitine administration to improve the healing of full-thickness skin defects.
Little data exists to evaluate the effects of locally administered L-carnitine in wound healing in the current literature. In our report we investigated the wound healing rate and wound tensile strength effects of L-carnitine in wound healing in full thickness defects were left to heal by secondary healing. There were statistically significant differences in wound healing rates in the systemically experimental group versus the other groups. There were also statistically significant differences in the locally administered group versus control group. Histopathologic examination agreed with clinic findings. The anti-oxidative and anti-inflammatory effects of L-carnitine in flap adaptation, ischemic vascular disease and mucosal healing were same for the defects that were left to secondary healing.
Oral human doses of L-carnitine range from 50 to 200 mg/kg. In the study by Tellioglu et.al (21) , the powerful effect of 50 and 100 mg/kg L-carnitine on flap survival was evaluated, demonstrating that the 100 mg dose is more effective. The 100 mg/kg dose has been used in the study by Arslan et.al (3) and by Eksal et. al (18) , as well. Based on the results of these reports, we have used L-carnitine in the dosage of 100 mg/kg. We used same dosage in the locally administered group as we did not see any reports for local administration. The wound healing rate was better in the systemic experimental group than for the local experimental group. This could be explained by the better systemic bio-effective influence of L-carnitine. Tensile strength in the locally administered group was greater than in the systemic group which may be explained by the positive effect of local trauma on tensile strength.
L-carnitine that was locally or systemically administered has shown positive effects on wound healing rate and tensile strength. L-carnitine produced statistically significant differences the rates of wound healing. It was also investigated for effects on the tensile strength of wounds. There were no significant statistical differences in tensile strength. We thus conclude that both the locally applied and systemically administered L-carnitine have shown beneficial effects on wound healing on a preliminary basis. Further studies await confirmation of our findings.
